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Basics of Induced Electronic 
Polarization 
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Influence of an external electric field 
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Classical Drude Oscillator Model 
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SCF with “Cold” Drude Oscillators 
The oscillators are set at their
 local energy minimum at every
 timestep during a MD trajectory 

SCF dynamics is equivalent to keeping
 the oscillators at a temperature T* =0 K, 
“Cold” Drudes… 



Drude oscillators are allowed to
 move dynamically as classical
 particles during a MD trajectory
 (“Hot” Drudes) 

“Hot” Drude dynamics is
 closely related to SCF system 

Dynamical “Hot” Drude Oscillators 

Lamoureux & Roux  (JCP, 2004) 



Polarizable Water 

SWM4-DP:   

Simple Water Model with 4 sites and Drude Polarizability 

Lamoureux, MacKerell & Roux (JCP, 2004) 
Lamoureux et al (CPL, 2005) 



Lamoureux et al, CPL 2005 
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Is induced polarization a reasonable model of QM? 
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Harder, Anisimov, Vorobyov, Lopes, Noskov,  MacKerell & Roux (JCTC, 2006) 



Harder et al (J Phys Chem B 2008) 

N-methyl acetamide 
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Dual Langevin Thermostats for high 
performance scalable NAMD 



Drude model implemented in NAMD: 
Tests on Blue Gene/P  

A) Cubic box of 72000 water molecules (ratio 1:2) 
B) Cubic box of 8576 decane molecules (ratio 1:1.6) 
C) Cubic box of 18944 NMA molecules (ratio 1:1.8) 



Conductivity of Aqueous Physiological Salt Concentration 

Conductivity [mS/cm ] 

Drude    17.3 (14.7) 
Additive   28.2 (24.4) 
Experimental  16 

Wei jiang 



DPPC bilayer representative configuration 

Water DPPC Water 

(32+32) DPPC bilayer 
Ed Harder, Janamejaya Chowdhary 



350 mV 



Additive and Drude simulations of 
duplex DNA (EcoR1) 
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additive C27 and Drude	




Polarizable Drude FF Status 
•  Small molecular optimization near completion	


•  Polarizability scaling to reproduce dielectric	


•  Lone pairs on H-bond acceptors ���
	
Interactions as a function of orientation	


•  Anisotropic atomic polarizability���
	
Polarization response as a function of orientation���
	
Interactions with ions	


•  Atom-based Thole Scale Factor���
	
Molecular polarization tensor, dielectric constant	


•  LJ parameters on Drudes and lone pairs ���
              Interaction with ions	


•  Electrostatic damping: flat well, higher order restraining potential	


•  Pairwise-specific LJ terms (NBFIX) with water���
	
Systematic overestimation of free energy of solvation	


•  Phospholipid bilayer membranes, protein, nucleic acids	


•  Implementation in high performance scalable NAMD	
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